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U. 5. ARMY ENGINEER DIVISION, NEW ENGLAND
.CRPS CF ENGINEERS : »
k2l Trapelc Road
Waltham 54, Mass.

NEDGW 29 September 1961

SUBJECT: Beach Erosion Control Report on Cooperative Study of
' Rockport, Massachusetts '

103 Chief of Engineers
i © Departwent of the Army
Washington 25, D. C.

SYLLABUS

The purpose of the study is to determine the best method of
restoring the beaches and protecting the beach and cottage development.

The Division Engineer finds that since 1851 erosion has resulted
in loss and recession of the beaches although gome accretion hasg
cccurred since 1952, that recent replacement of failed sections of the
seawall and the placement of riprap revetment along the toe of the new
and existing wall now provides adequate protection for the development
st Long Beach from direct wave sttack, that continuation of erosion and
loss of beach could graduslly expose the existing development at Long
Beach to more severe wave attack and damsges and that all heach areas
are subject to minor damages from wave runup and landward movement of
beach material.

The Division Engineer has developed a practicasble project for
improvement and protection of Long Beach upon the request of the
cooperating sgency although construction of this project at the present
time is not warranted by evaluated henefits. This project consists of
widening 3,300 feet of the beach by direct placement of sand fill and
construction of & training Jetty at the tidal creek at the east end of
the £ill. The Division Engineer has also developed & practicable
method for reducing overtopping of Pebbly Beach for use by local
interests. .

The Division Engineer recommends that no project be adopted by
the United States and that protective meassures thet may be undertaken
by local intdrests hased upon their determination of economic justifica-
tion be accomplished in accordance with plans and methods considered in
his report.
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_BEACH EROSTON CONTROL REPORT ON COOFERATIVE STUDY CF
ROCKPCRT, MASSACHUSERTS

"PART I -~ GENERAL

1. Authority. - This study was made by the Corps of Engineers,
United States Army, in cooperation with the Division of Waterways of
the Magsachusetts Department of Public Works under authority of Section
2 of the River and Harbor Act approved July 3, 1930, as amended and
supplemented. The formal application for the study dated October 29,
1958, was spproved by the Chief of Engineers on April 3, 1959.

2. Purpose. = The purpose of the study as stated in the formal
application, is to determine the best method of restoring the beach
and protecting the beach and cottage development. Its purpose is also
to determine the justification and amount of Federsl participation that
is warranted in any recommended plans of improvement in accordance with
the policy established by Public Law 826, 84th Congress.

3. Prior Reports. - There have been no prior beach erosion
control reports covering the study area. Numerous navigation studies
of harbors located in the general vicinity have been made. The latest.
published reports are as follows: (1) Gloucester Harbor, House Doc.
329, TTth Congress, lst Session; (R) Sandy Bay, Cape Ann (Harbor of
Refuge), House Doc. 3,.65th Congress, lst Session; and (3) Rockport
Harbor, House Doc. 363, 56th Congress, lst Session. These navigation
reports contein some general information which is pertinent to the
beach erosion control study- '

4. Degeription. - The study ares is located in the town of
Rockport and the city of Gloucester in Essex County, Massachusetts.
Tt is situated about 30 miles northeast of Boston on the south side
of Cape Ann, & rocky headlend which forms the northern limit of
Massachusetts Bay. The study &rea consists of three barrier pocket
beaches between the rocky points at Brier Neck and Lands End. It
has a total length of approximately 1.5 miles, 0.1 mile in Gloucester
and 1.4 miles in Rockport. The pocket beaches are known es Long
Beach, Cape Hedge Beach, and Pebbly Beach. They are shown on United
States Coast and Geodetic Survey Coast Charts 243 and 1206, on the
U. S. Army Map Service topographic quadrangle of Rockport, and on
Plate 1 and Photos 1 through 9 of this report.

5. [The permanent populatlons of Essex County, the town of Rock-
port, and the city of Gloucester in 1960 were 568,831, 4,616, and
25,789, respectively, an increase since 1950 of 10 percent for Essex
County and Rockport and sbout 700 people for Gloucester. The above



populations are greatly avgmented by sessonal residents and tourists
during the summer. The town of Rockport end the surrounding region
contein a large number of tourist accommodations with about 750 rooms
avalilable for rental in Rockport alone. The city of Gloucester is one
of the largest commercial fishing ports in the United States. It has
fish processing plants, manufacturing establishments and extensive
boatyard and marine railway facilities. The region is easily accessible
over highways &nd local roads. There is no known water polliution of
any consequence along the shore of the study area.

6. ILong Beach is the most westerly of the three pocket beaches.
It hes a length of sbout 3,800 feet between Brier Neck snd & protruding
rock outcrop knovn as Cepe Hedge. The westerly 500 feet of share at
Brier Neck is located in the city of Gloucester and except for two
public street ends, this ares is privately owned. Development along
the Gloucester shore consists of motels, bathhouses, guest houses,
restaurants, refreshment stands, and limited parking areas. The
remaining 3,300 feet of shore is located in the town of Rockport.
Lots in the backshore hehind & concrete seawall are leased to private
individuals. This backshore area has been intensively developed for
summer cottage use. Access to and use of the hackshore is limited to
regidents. The beach fronting the concrete seswall is maeintained by
the town for public recreational use. Public access and limited public
parking are avallsble only at the ends of the beach. The beach is
composed of fine to medium sand. Its width above the high water line
in front of the seawall in Rockport decresses from east to west from
about 40 to 150 feet. The width decreases westward along the Gloucester
gshore of Brier Neck from about 150 to 50 feet. The backshore hehind
the seawall is composed of sand dunes fronting marsh. The marsh is
drained by a tidal creek which enters the ocean et the east end of the
beach adjacent to Cape Hedge. '

7. The central pocket, Cape Hedge Beach, has a length of 2,000
feet between rock outerops. It is entirely owned by the town of
Rockport and it is open for public use. There is no development at
Cape Hedge. The area behind the west half of the beach is a public
parking area accessible by a roed over the marsh. Development at the
privately-owned rocky promontory &t the east end of the beach consists
of inns, hotels and residences. The beach is a.barrier bar fronting
margh and a pond. There is a natural barrier consisting of high
pesked steeply sloping shingle ridge along the west half of the beach.
Its top gradually flattens and drops in elevation eastward from its
midpoint from sn elevation of 22 feet to @bout 16 feet above mesn low
water. Iits composition alsc changes eastward, becoming finer, with
some sand mixed with the shingle. At its west end, the shingle slopes
steeply down to the low water line. Asg the ridge diminishes in size
. eastward, ite seaward slope intersects the beach at a higher level so
that at its east end there is a narrow width of fine to medium sand
beach above high water. The east end of the beach below high water is
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PHOTO1 LONG BEACH, ROCKPORT, Sept 21, 1960 - Sandy

beach from end of seawall at Gloucester-Rockport
boundar

PHOTO 2 LONG BEACH, ROCKPORT, April 8, 1961 - Stone apron
uncovered by seasonal lowering of beach.

PHOTO 3 LONG BEACH, ROCKPFORT, April 30, 1958 - Concrete
seawall lying on beach was destroyed by storm of
April 1-2, 1958. Temporary bulkheads protect cottages.




PHOTO 4 1.ONG BEACH, ROCKPORT, Sept 21, 1960 - Newly
constructed seawall starts beyond first steps.

PHOTO 5 LONG BEACH, ROCKPORT, Sept 21, 1960 - Exposed
stone apron near tidal creek at east end of beach.
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PHOTO 6 EAST END OF LONG BEACH, ROCKFPORT, Sept 21,1960~
Tidal creek and Long Beach from shingle ridge at Cape
Hedge Beach.




PHOTO 7 CAPE HEDGE BEACH, ROCKPORT, Sept 21, 1960 -
Shingle ridge from west end of the barrier beach.

PHOTO 8 CAPE HEDGE BEACH, ROCKPORT, Sept 21, 1960 -

East end of beach. Sandy foreshore and shingle ridge
fronts marsh.

PHOTO 9 PEBBLY BEACH, ROCKPORT, Sept 21, 1960 - Steep

shingle beach. I.ands End in the background.



composed of medium 0 fine sand but it is seasonally covered with
shingle. The entire beach in the vicinity of low water is composed
of fine sand.

8. The east pocket, Pebbly Beach, has a length of about 1,700
feet between the rock outcrops at South Street and Lands End. The
central 1,040 feet of shore belongs to the town of Rockport and the
remagining shore front at both ends is privately owned. There is an
unpaved road immediately behind and parallel to the beach. The road
is separated from the beach by a low ridge composed of shingle,
cobbles, boulders and riprap. Development at Lands Bnd is residential.
The beach is a barrier bar fronting marsh and a pond. The usable width
of the beach above high water varies from about 40 to 60 feet. In the
vieinity of Lznds End the shore is covered with cobbles and boulders
out to low water. This coarse cover diminishes westward and ends
gbout 500 feet from Lands End. Portions of the east half of the
beach landward of the low water line consist of fine and medium sand.
The entire beach consists of fine sand in the vicinity of the low
water line. The beach above low water becomes increasingly covered
with shingle to the west, the amount of such cover varying seasonally.

9. Statement of the Problem and Tmprovements Degired. - The
problem consists of erosion of the bheaches, particularly during storms,
damages to the existing protective structures and development due to
wave atbtack and undermining, overtopping of beaches by wave runup with
consequent deposition of beach waterial and debris on adjacent roads
and developed sreas, and the meandering of a tidal drainage creek
across the east end of Long Beach. The application for this study
was initiated as a consequence of & severe storm on April 1 and 2, 1958
which caused erosion of Long Beach, lowering of the beach level, under-
mining and failure of approximately 1,600 feet of concrete seawall and
‘damages to cottages situated on dunes behind the failed wall sections.
Since initiation of the study, the Staté has rebullt the seawall.
Meandering of the tidal drainage creek at the east end of Long Beach
has resulted in erosion and narrowing of the beach. Wave runup during
storms overtop Cape Hedge and Pebbly Beaches washing material lendward
onto the parking ares and marshes at the former location and onto the
bordering shore road and marshes at the latbter.

10, Two meetings were held leading to application for the study,
one on 8 April 1958 with & United States Congressman and Selectmen of
the town of Rockport, the other on 30 April 1958 attended by represent-
atives of the Beach Erogion Board, the State, county, the town of Rock-
port and the U. §. Army Engineer Division, New Bngland. At that time,
town and State officials indicated a desire to obtain Pedersl agsistance
in construction of protective works for the development at Long Beach
where seawall failures had occurred. Additional weetings where held
with officials of the town and the cooperating agency, the State, during



the study. After replacement of the seswall at Long Beach by the
State, town officials indicated that there were no other serilous
prcoblems for which they desired improvements. The cooperating agency,
however, requested that a plan be developed for possible future wuse
consisting of widening Long Beach.by “the placement of sand £ill and
for tralning the inlet at its east end.

PART II - EACTOBS PERTINENT TO THE PROBLEM

11. Geomorphology,;m Cape Ann, is & rocky headland separated
. from the meinlend, to the west, at Gloucester, by the Annisquam

River. The bedrock comprising this headland is igneous in origin,
consisting mostly of granite. Rock is exposed at many places.
Except at outerops, this bedrock is covered by a very thin overburden_
of glacial till. The ragged shore line of southeastern Cape Ann which
includes the study arsa, Gloucester Harbor and Sandy Bay is the:result
of the uneven composition of the igneous rocks and the congsequent dif-
ferential erosional development. The pocket beaches in the study ares
were formed by erosion, movement sorting and deposition of former rocks
and glacial till. ILandforms and gradation of coarse materials-indicate
» that littoral drift northeast of Brier Neck moves in & northeasterly
dlrection,

12. littoral Materials. - &. Characteristics. - Character of
littoral materials in the study area was determined from surface
samples taken along heach profiles from the seawall or beach berm
out 1o the 30-foot depth. Samples on. three profiles were taken at
Long Beach and one profile each at Cape Hedge and Pebbly Beaches.
The results of the sample analyses are included in Appendix A.
Character of materials offshore opposite Lands End and in the tidal
ereek area behind Long Beach was determined by probings. Locatlons
of probings and material encountered are shown on Plate No. 1. General
descriptions of beach composition based on visusl inspection are
contained in preceding Paragraphs 6 through 8. Samples taken along
the profiles at Long Beach indlicate the material is principslly fine
sand distributed uniformly through all zones from the beach bherm to
the 30-foot depth. "The highest percentage of medium sand occurs
between the 6 and 12-foot depths. The median diameters of the
gamples increage slightly from west to east in the upper regions of
the heach above mean low water; while in the ares below low water,
the median diameter increases from esst to west. At Cepe Hedge Resch,
the samples sbove the 6-foot depth consist mostly of gravel with
mixtures of cosrse to fine sand. From the 6 to the 18-foot depth
over 90 percent of the material is fine sand. The samples at Pebbly

~Beach range from coarse gravel to fine sand. A large part of the
beach above mean low water is gravel. From the 6 to 12-foot depth
‘over 80 percent of the material is fine sand.




b. Sources. - The materials comprizing -the beaches in the
study area are derived from eroded rocks and-to & lesser-extent,
glacial till overlying bedrock. Little or no overburden remains on
the headlands. Since no overburden areas in the vicinity are exposed
to erogion apnd since little sand cen bypass the larger headlands, the
supply of msterial to the beach is meagre, probably mostly produced’
by local rock erosion. Probings offshore opposite Lands End indicate
that no overburden exists on the bedrock. Probings along the tidal
creek, landward of the eastern end of Long Beach, indicate the exist-
ence of sand and gravel varying in depth from 6 to 20 feet. Further
investigation would be required to determine if this area i3 & suiltable
gource for borrow. Preliminary reconnaissance for land borrow in the
vicinity showed no source of materials available. It is believed that
suitable heach £ill could Ve obtained within 2 haul radiuvus of 10 to 15
miles.

13. Littoral Forces. - a. Waves. - The study area 1s directly
exposed to wave action from the southeast quadrant with an unrestricted
fetch across the Atlantic Ocean. No wave measurements are available
for the immediste area. Hindcast wave data based on synoptic weather
charts for locations along the North Atlantic coast have been prepared
and published by the Beach Erosion Board. A wave rose from this data
for a location off Nauset Beach, Cape Cod, Magsachusetts is shown on
Plate No. 1. It indicates that waves occur with greatest frequency
from the northeast and east directions. Waves from the southeast
quadrant which can approach the study ares more directly occur with
considerably lesser frequency. The shore is sheltered by the mainland
from the north and west. The fetch to the south across Massachusetts
Bey is limited by Cape Cod and the mainland.

b. Currents. - Tidal currents along the coast flood to the
north and ebb %o the south. Maximum average velocities of ocean
currents north and south of the study area vary from 0.3 %o 0.8 knots.
Higher flood and ebb currents occur at the northeast end of Long Beach
at the entrance to the tidal creek at Cape Hedge.

¢. Winds. - Records of winds observed by the United States
Weather Buresu &t B Boston, Msssechusetts for the ten-year perilod, October
1949 to September 1959 show that prevailing winds blow offshore from
westerly directions. Winds which blow onshore prevail from the east
southeast but winds from the east to northeast which occur for & shorter
duration have & higher asverage velocity. A wind diagram based on data
from the Boston Weather Bureau is shown on Plate 1. A summary of the
data and more deteiled descriptions are included in Appendix B.

d. Storms. - Records from the United States Weather Bureau
at Boston, Massachusetts for the 75-year period 1870-1945, inclusive,
show & high preponderance of northeast storms. These storums represent
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major disturbances of considerable durstion, often accompanied by rain

or snow, end high tides causing damage to0 low-lying shore developments.
The wind rose on Plate No. 1 shows storm winds from the northeast occur
most frequently. The study srea is sheltered in this direction by the

meinland and offshore islands. The shore is directly exposed to storms
from the southeast from vhich direction storm winds are least frequent

and of short duration. More detailed storm tata are included in Appen-
dix B. : :

e. Tideg. - Tides are semi-diurnal. The mean tidal range is
" 8.6 feet at the Rockport Harbor entrance and 8.7 feet at Gloucester
Harbor. Corresponding spring ranges are 10.0 and 10.1 feet. The esti-
mated highest tide experienced at Gloucester Harbor is 13.0 feet above
meen low water. Based on aversges from a 30-year record, tides at Boston
exceed the plane of mean high water by 2 feet or more 24.5 times a year,
by 3.1 feet or more about once & year and by 3.5 feet or more 0.2 times
8 year. Comparison of high tides which have occurred at Boston and
Gloucester over a three-month perlod indicate that tides at Gloucester
vary from the mean renge about the same as at Boston. More detailed
information concerning tides is contained in Appendix C.

k. Shore History. - a. Shoreline and Offshore Changes. - Shore-
line and offshove depth changes were determined from comparative posi-’
tiong of the high water shoreline located in 1851, 1952 and 1960, from
the 6, 12 and 18-foot depth contours located in 1853 and 1873 and from
beach profiles surveyed in 1960. Amounts of change were determined by
scaling from available maps and they are, therefore, only approximate.
The changes are shown on Plates 2-6. Between 1851 and 1952, the shore-
line receded throughout the study area but from 1952 to l960, compara-
tive positions indicate & slight accretion. The amounts of high
water shoreline chapges are tabulated below:

HIGH WATER SHORELINE CHANGES (1851-1960):

Long Beach

Period Location and length Change
1851-1952 _ Westerly 600 Recession 0-140!
‘ Basterly 3200° Recession 0-1907
1952-1960 Westerly 2000° Accretion 0-40°
- EBasterly 1000°¢ Accretion 0-30!



HIGH WATER  SHORELINE CHANGES (1851-1960) (CONTINUED)

Cape Hedge Beach

Period Location and length Change- -

18511952 Westerly 1300° Recession 0-230°
Easterly T00° Recession 0-290°

1952-1960 Basterly 1800° Accretion 0-4Of

Pebbly Beach

Period ‘ Loeation and length Change

1851.1952 Westerly 200° Recession 0-T70!
Next Basterly 5007 Recession 0-40f
Easterly 800° Recession 0-90!

1952-1960 Westerly 200° Accretion 0-4O*
Easterly 800° Acceretion 0-30f

Determination of movements of the 6 and 12-foot depth contours wes’
limited by availeble comparstive data to the period 1873 and 1960, for
the east end of Pebbly Beach where the 6-foot depth contour moved land-
ward about 120 feet while the 12-foot contour remained unchanged. Move-
ments of the 18-foot depth contour determined from the 1853 survey and
the 1960 beach profiles were as follows: 230-foot landward at the west
end of Long Beach at Profile 1 decreasing to 30 feet at the center of
Long Beach; little or no change from Profile & at Long Beach to Profile
6 at Cape Hedge Beach; landward at Cape Hedge Beach increasing up to
210 feet from Profile 6 to Profile 8 and decreasing to little change

at Profile 9; seaward, 80 and 150, respectively at Profiles 10 and 11
at Pebbly Beach.

b. Prior Corrective Action and Existing Structures. The
 State, town, and private property owners have protected portions of
the shore by the construction of protective works. Prior to the cone
struction of the existing concrete seawall at Long Beach, the town of
Rockport built a timber bulkhead about 3,300 feet long to protect the
sand dunes forming the beach crest. Details concerning the structure
are not known. This bulkhead was conpletely destroyed by & storm on
Merch 4, 1931. Construction of & concrete seawsll to replace the bulk-
head was started by the Massachusetts Department of Public Works in the
fall of 1931 and completed in 1932, at & cost of $53,000, including
$26,000 contributed by the town of Rockport. The seawall was con-
structed in front of the sand dunes from the Gloucester town line %o
the tidal creek at Cape Hedge. The wall at 1ts east end was turned




inland -along the west bank of -the tidal creek. In January 1933, This
wall was weakened by & severe storm. To prevent further damage, aboutb
2,000 tons of stohe riprap was placed at the seaward toe of the wall
starting at a point 400 feet from the west end of the wall and extend.
ing eastward asbout 800 feet. On 1-2 April 1958, storm waves undermined
the seawall causing two sections to fall forward onto the beach. The
failed sections had lengths of 330 and 1,280 feet and they were located
80 to 410 and 1,550 to 2,830 feet, respectively; from the west end of
the wall. This exposed the sand dunes and summer cottage development
to demage from wave sttack. Temporary stone riprap and wooden bulk-
heads were placed in these exposed areas following the storm. The
destroyed sections of the wall were reconstructed by the Massachusetts
Department of Public Works during 1959 at a cost of $223,500. The
riprap used for temporary protection on the dunes was incorporated into
a stone apron twenty feet wide placed at the seaward toe of the wall
thereby providing revetment along the toe of the entire old and new
sections of the Long Beach seawall. The original gravity type seawall
bullt in 1931-32 had a top elevation of approximately 21 feet above
mean low water, & top width of 3.5 feet, and & bottom elevation varying
from £10 to £12 feet. The new wall sections are of centilever design
and have the same general dimensions asg the old wall. The concrete
footing of the new wall has a top elevation of f£10 feet, is two feet
thick and six feet wide. Typical cross sections of the old and new
walls are shown on Plafte 7.. There sre three other structures within
the study area. A vertical faced concrete seawall exists at South
.Street at the east end of Cape Hedge Beach. It is about 90 feet long
with a top elevation of #17.0 feet. It protects the end of South
Street and adjacent private property. A riprap mound fronting an
unpaved road has been built by the town of Rockport along 600 feet

of Pebbly Beach and a mortared stone "wall fronts the grounds of
‘prlvate property at the east end of Pebbly Beach.

¢. Profiles. - Eleven beach profiles were surveyed in 1960
st selected locations in the. study area, as shown on Plate 1. They
varied from 1,500 to 2,000 feet in length and extended from the beach
crest seaward to depths of 30 to 35 feet below mean low water. Plots
of the profiles are shown on Plates 3 to 6. Beach slopes were measured
from the plotted profiles and they are shown in the following table.
Slopes are given from the landward to the seaward ends of the profiles,
thus; 1/25 above - 10.0 méaning one vertical over 25 horizomtal above
an elevation of 10 feet below mean low water. Slopes flatter than
1/100 are listed as level. Because of a lack of detailed surveys in
the area prior to 1960, no comparison of beach profiles could be made
to determine quantities of accretion or erosion.



PROFILE NO.

10

1L

BRACH SLOPES

LONG BEACH

- Beach-berm-from wall-to 12.5; 1/9 from 12.5 to 6.5;

1/39 from 6.5 to -33.0

Beach berm from wall to 13.3; 1/30 from 13.3 to 11.5;
1/10 from 11.5 to 6.5; 1/39 from 6.5 to -33.0

1/25 from wall to 11.0; 1/9 from 11.0 to 6.5; 1/39 from
6.5 to ~35.03 level

1/9 from wall to 8.5; 1/39 from 8.5 to -31.0; level

1/23 from wall to 12.5; 1/8 from 12.5 to 8.0; 1/39 from
8.0 to -30.0

CAFE HEDGE BEACH

1/5 above M.H.W.; 1/16 from M.HW. to M.L.W.; 1/40 from
M.L,W. to =32.0; level

1/5 sbove M.H.W.3 1/14 from M.HJW. to M.L.W.; level, 1/32
from -1.0 to -29.0; 1/60 from -29.0 to -3%.0

1/9 above M.H.W.; 1/20 from M.H.W. to M.L.W.; level, 1/32
from -1.0 to -28.0; 1/60 from -28.0 to ~33.0

FEBBLY BEACH

1/5 above,4.0; 1/15 from 4.0 to M.L.W.; 1/40 below M.L.W.
o -30.0

1/7 above M.H.M.; 1/14 from M.H.W. to M.L.W.; 1/40 M.L.W.
to -27.0; level

1/15 above -2.0; level, 1/%4 from -2.0 to -26.0; level



PART III - ANALYSIS OF THE PROBLEM

15. Shore Processes Pertinent to the Problem. ~ The loss of beach
materials and -damsges to shore structures sre caused principally by
wave action. Movement of material is probably lergely om and offshore
with offshore movement resulting from short period locally generated
waves nearly balanced by: cmshore movement in calmer periods resulting
from swells. The on and offshore movement is responsible for seasocnal
changes which occur te the level and composition of the each. Tidal
inlet currents cause some loss and nerrowing of the east end of Long
Beach. Some material is lost by landward movement over Cape Hedge
and Pebbly Beaches into the ponds or marsh by overtopping storm waves.
Undermining and damsges to shore structures have occurred following
seasonal changes when the beach was at & low level., The form and
gredation of the beach indicates that littoral drift moves in an eastr
ward direction but this movement is limited by the lack of an appreci-
able gource of gupply. Net losges of wmaterial from the beaches which
probably occur at a slow rate could graduslly expose the existing
development to more severe wave attack.

16. Methods of Correcting Probléem Conditions. -~ Long Beach can
be improved by artificial nourishment with sand fill to provide a
wider protective beach or additional recreational beach area. Probings
behind Long Beach in the vicinity of the tidal creek indicate that sand
suitable for beach nourishment may exist but further investigation
would be necessary to determine if this source is adequate. Materisl
might have to be obtained by borrow from available inland sources. A
Jjetty could be constructed at the east end of Long Beach to control
the currents at the inlet of the tidal creek and reduce logses of
beach material. The existing Long Beach seawall and riprap toe
revetment are adequaté for protection of the dgvelopment against direct
wave athback although some minor damages cen occur as a result of wave
runup and spray during severe storms. Reduction of losses of beach
material over Cape Hedge and Pebbly Beaches can be prevented or
reduced by the construction of barriersto landward movement. Armoring
the shore by the construction of seawalls or revetments as has already
been done is a suitable method of protecting developed areas. This
latter method would not contribute significantly %o the creation of
a fronting besch. Groins or breskwaters are not considered to be
suitable methods of protection for this ares. '

17. Design Criterias. - Proposed protective measures are designed
to provide protection for ordinary conditions of comparatively frequent
oceurrence (@bout once a year). They are not intended to provide com-
. plete protection in the event of hurricanes or great storms of infre-
quent occurrence, although even under these conditions some protection
will be afforded.
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a. Design Tide. - The design tide is the meximum elevation
which occurs ebout once a year. The elevation of design tide is 11.8
feet above mean-low waters

b. Design Wave. - The meximum heights of the design wave
were determined from the velationship 4/H = 1.28 where d is the depth
of breaking and H 1s the height of wave at breaking using the depth
at the proposed structure at time of design tide as the depth of
breaking. The design wave at the seaward end of the proposed Jjetty
at Long Beach is 7.0 feet and at & point TO feet landward from the
outer end is 5.6 feet.

c. BSizes and Slopes of Armor Stones in Structures. - Sizes
and slopes of cap and armor stones for the training jetty are computed
using the United States Army Waterways Bxperiment Station Formuls with
8 minimum size armor stone of one (1) ton, the size required for &
design wave of 5.6 feet. The minimum size and the slopes for the
proposed mound &t Pebbly Beach wére besed on judgment without use of
the WES formula since the mound will be located in & zone of the
beach sbove design tide level where no waves exist during design con-
ditions.

d. Training Jetty. - The horizontal inshore section should
ordinarily heve a top elevation higher than the general height of the
berm of the existing beach and a length not less than the berm width
of the anticipated beach. The existing beach level indicates that a
top elevation of 15.0 feet gbove mean low water should be used. The
intermediate slopes section should not be steeper than the slope of
the existing bottom. For stone construction the jetty should have a
minimum height of five feet to permit use of the required size of
armor stones and a sand-tight core.  The jetty should be firmly
enchored at its inshore end %o prevent flanking. Blankets of spalls
or crushed stone are used under stone jetties to minimize settlement
due to scour.

_ e. Sapd Fill. - The berm elevation of the proposed sand
£ill is based on that at the existing beach. The minimum width of
£ill vpetween the high wabter line and shore structures is based on
widths found to afford protection in the area. Rgtimated volumes of
fill are bhased on slopes simllar to existing slopes but £ill can he
placed initially to a steeper slope and permitied to take & wmore
netural slope under wave action. Based on these criteria the beach
width between the seawall and the high waber shoreline is 150 feet,
the berm elevation is 14 feet sbove mean low weter and the f£ill slopes
are 1 on 15 and 1 on 30 respectively above and helow elevation f7.5
feet. Suitable sand for beach f£ills would have size and gradation
characteristics similar to those of existing beach materials. For
the purpose of detailed design of the beach £i111, the investigations
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of materials on the beach and in proposed. borrow areas should be
supplemented when plens and specifications are being prepared.

PART IV - PLANS OF FROTECTION

18. Long Beach. - A plan for protection and improvement of
approxlmaﬁely 3,300 feet of long Beach between the Gloucester-
Rockport boundary and the tidal creek at Cape Hedge has been
developed upon the request of the coopersting agency for possibdle
future use by local interests even though the problem conditions
do not warrant its congbructlion at the present time. It consists
of widening the beach by direct placement of sand £ill and the
construction of & training Jetty at the mouth of the tidal creek.
The £ill would widen the beach to 8 150-foot width betwsen the
existing seawall and the proposed mean high water line thereby
providing protection sgainst wave attack and additlonal ares for
recreational use. The training jetty would have a length of 400
feet, a top elevation of 15 feet at i1ts inshore end and 11 feet at
its outer end, a minimum height of 5 feet, gide slopes of 1 on 1.5
and a top width of 5 to 6 feet, the latter along the outer 100 feet.
The jetty would retain the proposed £ill and control the tidal inlet
currents thereby reducing losses of beach material and narrowing of
the beach. If protection against closure of the Inlet by littoral
drift should become necessary,; the Jetty could be lengthened by
extending it seaward. The need for such protection is not evident
at the present time. The plan is shown on Plate 7.

19. Cape Hedge Beach. - No detailed plen of protection has, been
developed for Cape Hedge Beach. The hugh shingle ridge fronting the
parking area provides considerable natural protection. Iandward
movement - of material during storms could be reduced or prevented by
the construction of & seawall, mound or some other form of barrier.
Under the present condition of use and lack of development, construction
of & barrier of the magnitude required does not appear to be warranted.
Cleaning of the parking area as needed and restoration of the displaced
material ‘'onto the fronting beach and shlngle ridge is probably the most
economical method of maintenance.

20. Pebbly Bzach. - Landward movement. of beach material onto and
over the accegg road behind Pebbly Beach can be prevented or reduced
by construction of & barrier along the seaward edge of the shore road.
A typical sgection of stone mound which would be suitasble for this
purpose has been developed for possible use by local interests and it
is gshown on Plaite 7. The mound has a top elevation of 20 feet above
mean low water, & top width of 3 feet, a seawsrd side slope of 1 on 1.5
and & landward side slope of 1 on 1. Construction of @ concrete sea-
wall, curb or other form of barrier would alsc be suitable.

12



" PART V - ECONOMIC ANAIYSIS

21. First Costs and Annual Charges. - Total first costs and snnual
charges were estimgted for the beach widening and treining jetty con-
struction considered for Long Bemch. The cost per linear foot was esti~
mated for the stone mound construction considered for Pebbly Beach. The
cost of sand fill was estimated on the basis of dry borrow and trucking.
Costs were based on price levels prevailing during August 1961. An
economic life of 50 years was used -in determining amortization charges.
An interest rate of 3.5 percent was used for. sinuel c¢harges which. are
all non-Federal. The annual maintenance requirement for beach fill
was based on losses estimated from the maximum sverage shore line
recession of 1.8 feet per year which shore line comperisons showed .
occurred between 1851 and 1952. Estimsted losses during this period
were 3—1/3'cubic yards per linear foot per year. Annual maintenance
" cost of the training jetty was based on replacement of one percemt of
the quantity of stone per year. Estimates are as follows;

LONG_BEACH, SAND FILL AND TRATINING JETTY
First Costs o | |

© Sendfill - 100,000 cu. yds. at $1.25 $144 ,000%

Training Jetty - 2000 tons Armor and Core Stone
at $7.50 17,300%
- 800 tons Bedding Stone at $4.00 3,700%
Subtotal $165,006%
Engineering and Design : 5,000
Subtotal $170,000%
Supervision and Administration 14,000
Total First Cost $18L ,000%

Annual Charges (Non-Federal)

Interest (.035 x $184,000) $ 6,440
Amortization (.00763 x $184%,000) | 1,k10
Maintenance
Treining jetty, 20 tons at $10.00 200
Sandfill, 11,000 cu. yds. at $1.25 13,750

, Total Annual Charges $ 21,800
¥Includes Contingencies

13



PEBBLY BEACH, UNIT LENGTH OF STONE MOUND

Firgt Costs

Stone, 2.6 tons at $6.00 ' ~$ 18.00%
BEngineering and Design - 1.00

Subtotal $ 19.00%
Supervision and Administration 2.00

Total First Cost $ 21.00%

~*Includes Conbtingencies

22. Benefits. - No recreational benefits could be evaluated for
Long Beach since the existing heach aresa is adequate for present or
prospective needs. Public recreational benefits could be resalized
from the proposed beach widening 1If facilities were provided for better
public access to and use of the beach. Local interests have not indi~
cated any intent or desire to provide such facilities and it is not
expected that they will do so. The sand £ill by dissipating wave
energy would reduce damages to existing public protective structures
and private cotteges. The public benefit from prevention of direct
damages to the riprap revetment fronting the seawsll is estimated
as the cost of replacing l% of the revetment annually as follows:

Prevention of Direct Damsges to Revetment at Long Beach

.01 x 10,000 tons revetment x $1.00 per ton = $1,000 per year

Reduction of wave attack will also result in a public benefit from pre-
vention of direct damages to the Long Beach seawall and a private bern
efit from reduction of damages to the privately owned cottages, each
estimated as $1,000 per year. The total evaluated annual benefits for
the proposed Long Beach improvement are therefor $3,000. '

23. Construction of the proposed mound at Pebbly Beach would
reduce overtopping and washing of beach material onto the low border-
ing unpaved access road. This would result in a benefit by elimina-
tion of the temporary inconvenience to local residents and beach
patrons until town forees clear the rosd and wmake it passable. The
local nature and minor velue of the benefits to be derived do not
warrant consideration of Federal participation in & project for this
purpose .
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2, Interests. - There is.no Federal interest in any of the
projects considered since none of the shores are owned by the United
States, All interests are non-Federal public or private. Non-
Pederal public interests, defined as the benefits accriing to a State
or political subdivision thereof ‘as a landowner, amount to $2,000 per
vear for the Long Beach project. Non-Federal private interests,
defined as those accruing to property in other types of owmership,
amount to $1,000 per year for the Long Beach projecte.

25, Justification. ~ The estimsted annual benefits, annual
costs and ratio of benefits to costs for the proposed Long Beach
project are listed below:

Annual Benefits $3,000

Annual Costs $21‘,800

Ratio of Benefits to Costs 0.1
26, Apportionment of Costs. ~ The project for improvement and
protection of Long Beach is not economically justified by evaluated

benefits. Therefore, no portion of the cost is apportioned to the
United States, -

27, Coordination with Other Agencies. - Coordination has been
maintained with the cooperating agency, the Division of Waterwsays of
the Massachusetts Department of Public Works. The views of the
cocperating agency were obtained during the progress of the study
and they were considered in developing the proposed improvements,
Officials of the town of Rockport were also consulted., The cooperating
agency was invited to furnish comments on the findings of the study.
The views of the Federal and State fish and wildlife agencies were
requested concerning aspects of the study pertaining to their interests.
The Massachusetts Water Resources Commission was also advised of the
findings of the study.

28, Comments of Local Interests and Other Agencies. - The
cooperabing agency concurred in the findings of the study. It
commented that since the study was requested protection of the
principal problem area has been provided by seawall reconstruction
and riprap revetment, that, in the future; sand may be placed
periodically along the shore of Long Beach for nourishment and that
the shingle mound at Pebbly Beach is sufficiently stable to protect
the low value land in the rear, The Massachusetts Division of .
Fisheries and Game advised that the proposed work would not present
any prospective detrimental effects to the fish and wildlife of the
area, that further enhancement of the recreational aspects of the Long
Beach project is possible if the tidal creek and approach channel
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east of Long Beach is wideped and-deepened in-obtaining £ill for the
beach, if-a paved boat launching ramp isconstructed bordering the
tidal creek and if--th& training Jetty is-modified to permit -angler
access and facilitate public fishing. The United States Fish and
Wildlife Service, in cooperation with the Massachusetts Division of
Fisheries ‘and Game, prepared a report on the effects of the proposed
improvements on the fish and wildlife rescurces. It determined that
the plan of protection and improvement for Long -and Pebbly Beaches
would 'have no detrimental effects. It reported that- should borrow
material be taken from the creek behind Long Beach-and from the .
entrance chennel parallel to the proposed jetty, some fishery
benefits would be realized and that further benefits would be
realized if the training jetty were-capped to provide easy access
for land-baged fishermen wishing to fish the mouth of the deepenéd
creek. The complete report of the U. S. Fish and Wildlife Bervice
is included in Appendix F.

PART VI - CONCLUSICNS AND RECOMMENDATIONS

29. Conclusions. ~ Since 1851 erosion has resulted in loss end
recegs;on of beaches although some accretion hes occurred since 1952.

30. Replacement of failed sections of the seawall and placement
“of riprap revetment along the toe of the new and existing wall during
1959 now provides adequate protection for the development at Long
Beach from direct wave attack.

© 31.. Continued loss of beach material from Long Beach, as has
occurred at & slow rate -over the period of record, could graduslly
expose the existing development to more severe wave attack and
damages.

.32, All veach areas are subject to minor damsges from wave .-
runup and landward movement of beach material.

33. The Division Engineer concludes that a practicsble plan
for improvement and protection of Long Beach, developed upon the
request of the cooperating agency to increase the capacity of the
bathing beach as needed and to insure that no damsges occur to
existing structures consists of widening 3,300 feet of beach by
the direct placement of sand £ill and construction of a LOO-foot
training Jjetty at the esst end of the £ill at the tidal creek at
Cape Hedge, all as shown on Plate 7.

34, ImprovemEnt and protection of Long Beach is not justified
by evaluated benefits. It is therefore not advissble for the Unitad
States to adopt & project authorizing Federal participation in the
cost of construction. .

1
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35, Overtopping of the beach and transport of beach material
onto the parking area at Cape Hedge Beach and onto the shore road
at Pebbly Beach can be prevented or reduced by construction of
barriers to landward movement. Construction of a barrier of the
magnitude required at Cape Hedge Beach is not warranted by the
limited use and lack of development of the area. A typical
section of a stone mound which would be suitable for protection
of the road ab Pebbly Beach has been developed and it is shown on

Plate 7.

36, Benefits could not be evaluated for the proposed mound
for Pebbly Beach. Due to the local nsture and minor value of the
benefits to be derived, Federal participation in the cost of CON=~
struction of a protectlve barrier 1s not advisagble,

37. Additional information called for by Senate Resolution
148, 85th Congress, lst Session adopted 28 January 1958 is con~
tained in Appendix E of this report,

38, Recommendations, - It is recommended that no project be
adopted for the protection or improvement of Long, Cape Hedge or
Pebbly Beaches, Rockport, Massachusetts. It is further recommended
that protective measures which may be undertaken by local interests
based upon their determination of economic justification be accom-
plished in accordance with plans and methods considered in this
reporte.

Incls SEYMCUR A. POTTER, JR.
6 Appendices Brigadier General, USA
7 Plates Division Engineer
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AFPENDIX A

smws OF BEACH AND NEARSHORE MATERIAL

Samples of surface beach and nearshore miterials were obtalned
along profiles 1, 3, 5, 8, and 1l. —Tocations of the profiles are
shown on Plate No. 1. Samples were obtained from-the -heaches at -the
seawall, berm, mesn high water and/or mean sea water levels and from
mean low water level, 6, 12, 18, 24 and 30 foot -depths. -A-mechsnical
analysis weg-run of each sample and the results are included in Tebles
A-1, A-2 and A-3. Information in Table A-1 includes location of samples,
‘grain size range, median diameters, character of material -in- percent,
gorting and skewness coefficients. Tables A-2 and A-3 include cumulg-
tive weight percentages retained on various sieves for individual
samples end for the average of all samples on each profile.
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TABLE K-l

CHARACTERISTICS OF SAMPLES

PROFILE LOCATION | GRAIN SIZE (m.m.) | CHARACTER OF MATERIALS (PERCENT) SORTING SKEWNESS
NO. ON —FEDIAN | CLAY & | FINE | MEDIUM | COARSE COEFFICIENT COEFFICIENT
PROFILE | RANGE DIAMETER | SILT SAND | SAND SAND :GRAVEL
l Wall 0.070-00152 0029 Ool 99-9 - - ‘ - E 1023 1002
M.H.w. 000&"'00#2 0029 102 9808 4 - - I - 3 1023 lom
M.S.L. €.033-0.42 G.29 | 1.6 . 984 | - - i = i 3.2 1.03
M.L.W. 0.060-0.42 0.25 '@ 1.0 . 99.0 P - - Poe 1.27 1.14
6t 0,074-19.10 0.26 | - © 82,7 ; 11.5 1.7 ikl 1.29 1,19
128 0.074- 2.00 0.28 | - P90.7 | 9.3 - - 1.20 1.0k
18t 0.0Th= 2.00 0,22 | = . o8 5.2 - - 1.20- 1.06
2“" 00070-2038 0016 : 202 5 9305 503 - - 1029 009"*
é 30t 0.070-2.00 0.1% | 5.3 91.1 3.6 - - 1.34 0.92
| Average - - 0.2k | - - -
i 3 Wall 0.14- 0.2 0.28° = - 0. & 0.6 - - 1.22 0.96
! MoEch 0013" 0-“-2 0-29 : - 99-7 0-3 - - 1022 1.00
? M.L.W. | 0.070-0.8% 0.29 ! 1.1 oh.1 4.8 - - 1.20 0.96
; 6! 0.074-2.00 0.28 | - 85.4 | 14.6 - - 1.23 1.03
! 12t 0,074-2.00 0.28 | - 86.5 | 13.5 - - 1.24 0.9%
: 18° 0.070-2,00 0.25 @ 0.5 91.2 8.3 - - 1.23 0.96
21"' 0.070-2.00 0.20 ; 1.3 93.7 500 - - l.lIO 1008
: 30! 0.061-2.00 O.14 ; 6.9 88.9 k.2 - - l.k2 1.06
Average _ 0.25 !
‘ 5 Wall 0.065-0.46 0.26 0.4 95.2 L.k - - 1.3 0.96
M.H.W. 0-050"001*2 0-29 103 97.2 1.5 - - 1-20 1007
MoSch 0-030-0.“& 0-30 1.1 X 9509 300 - - 1.22 1010
M.L.W. 0.060-0.85 0.30 1.0 90.6 8.4 - - 1.26 1.08
6' 0-W§-2.00 0- 30 - 87.7 12- 3 - - 1020 1,00
12t 0.074~2.00 0.26 - 83.1 | 16.9 - - ©1.22 0.96
‘ 18' 0.065-2.00 0023 007 9207 606 - - 1019 1-07
2“' 00067-2038 0022 009 9305 506 - - 1023 1.00
301 0.064-2,00 0,17 k.2 89.7 6.1 - - 1.38 1.08
| Average 0.26
4 (
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TABLE A-1
CHARACTERISTICS OF SAMPLES

PROFILE LOCATION GRAIN SIZE (m.m.) CHARACTER OF MATERIALS (PER © | SORTING SKEWNESS
NO, ON ; MEDIAN CIAY &, FINE MEDIUM | {COEFFICIENT | COEFFICIENT
_PROFILE ; RANGE  DIAMETER SILE | SAND SAND . SAND | GRAVEL
) Derm . 0.050-28.0 5.6 1.5 | 15.0 8.3 10,50 Shb . §.53 0.30
. M.H.W. : 0.13-37.0 1k.0 1.0 | 2.3 10.2 9.9 1 76.6 | 2,20 0.61
 M.S.L. ;- = - L] %5 - -
M.L.W. . 0-050-29-0 1000 1-7 H 3707 101 1-"’ 58.1 '= 605 0.1|-2
6' ! 0;060-9.52 0.26 lcu { &-5 1206 h.l loh’ ; 103"' 1007
12t i 0.,070-4.76 0.24 0.h . 93.2 5.6 0.8 - 11.20 0.97 i
18¢ 0.072-4.00 0.16 1.2 ©93.b 3.9 .07 0.5 ' 1.35 1.03 ;
: 301 ‘ - . SEAWEED & 1¥' GRAVEL : - -
| Avarage :. __ 3.0 | [ t ;
‘1 M.H.W. ) T.’IS-EEJ& - ; i 00 i - -
' M.S.L. . 0.050-50.0 15.0 P 1.2 24.8 6.4 5.2 62,4 | 9.51 0.07
M.L.W. . 0.050-14.0 4.1 ! 1.3 16.8 23.6 10.6 {47.7 ; 3.80 0.86
6t | 0.07T1-25.F 0.23 : 0.6 78.5 5.9 1.3 {13.7 : 1.37 1.26 é
120 : 0,068-2.00 0.11L | 7.0 89.5 4.5 - - ! 1.70 1.93
18 g - ! SEAWEED & 2" GRAVEL - - i
-2l l - - Seaweed - -
o 30¢ i - Seaweed - - :
Average ! 4,9 |

Wisual Inspection



TABIE A-2

Sieve Analysis

v

U.S. Standard]
Sieve Ne. 3/ L 8 10 | 16 20 | 30 50 70 80 100 200 Pan
Diameter -
Locations - Cumulative Weight Fercentage Retained

|

Profile |#l
Wall 0.0 -1 0l LheOx{ 85,3 92,0% | 96,8 99.9 100,0
M.H W, 0.0 | 0,24 32,01 84,5 93.0% 98.0 | 98.8 100,0
M.S.L« 0.0 | 1.3 LB.0%| 85.3 93,03 96.8 98.h 100.0
ML W 0.0 | Oubix kL0 | 63.9 91,0% | 94.8 99.0 100.0
61 0.0 hel | 5ol | 581 7.7 9.1 1.5 i17.3 31,3 | 67.4 80.L 88. 100.0 100.0
12t 1.1 2.2 | b3 34,0 { Bl.9 92,6 96.3 | 1m0,0 100.0
181 0.8 1.6 | 247 18.6 631 80,3 89,1 | 100,0 100,0
24t 0.0 | 0.5]1.5 2.5 3345 6.6 22,4 38.5 L8.3 97.8 100.0
30t 0,010s8 | 1.1 | 2.5 5.3 | 15.6 28.5 38,0 | 9h.7 100,0
Total T 0.0 L.l 5.1 6.3 1149 | 16040 2640 263,80 | 56947 | 089.3 756.5 | 888.6 —=
Average 0.0 0081 0s573 0.7G 1.3 1.87 ] 3.0 29.3 | 63e3 76,6 82.9 | 987 100,90

Profile #3 ‘
Wall 0.0 1 0.3% O E 8642 92,05 8.5 99.8 100.0
M. Ho W, 0,0 [00,24 L5.0%} 8642 91,0% | 98,6 { 100,0 100,0
M.L.W. 0.0 1 0u2%§ 0.3 | 2.0% | L. 50,0% 87.9 92,0% 97.3 9849 100,0
61 0,011.0 | 2.3 | 5.1 hL 35.0 1 80.0 90,3 oli.6 | 100.0 100,0
12t 1.6 2.7 | h.8 73 35.5 78.9 90,0 95,0 | 100.0 100.0
18! 0.0} 1.9 2,6 { 4.0 |8 2347 6941 B2.6 89.6 995 100.0
241 0.0} 1.8 2.6 | 3.7 |5 9.1 3640 | Sh.l 62,9 | 98.7 100,0
30! 0.011.5 { Zuli | 3.3 {1 6.0 | 18.1 29.8 | 38.9 1 93.1 100.0
Total 0.0 7.6 12 097 ol - 51 21]-803 5132.14 621,08 675 J—l ?90.0 -
Average 0.030.98] 1.6 1 2.9 {6 31.0 | 67.8 | 77a7 Oholi | 9648 100.0

Note: #Estimated
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SIEVE ANALYSIS

TABLE A-3

U.5. Standard 20 Iz Im | 3/4n T A 380 &L ] 10 16 20 30 Lo 50 70 80 100 | 200
Sieve No. in| 50.8 | 38,1 | 25,k 119,10 { 12,70 | 9,52 | 6,35 {h.76 [2.38 |2.00 | 1.19 | 0.84 | 0.59 | o.52 | 0,297 {0,210 | 0,177 |0.149 [0.07L | PAN
MM,
Locations CUMULATIVE WELGHT pESrCENT RET ATNED
Profile 5
Wall ) 0.0 § #2,0 bolt | #40,0 | 71,2 [ #83,0 | 93.0 | 99.6 100.
K HoH. 0.0 1 #3,0 | 1.5 | #50.0 | 89.) 1=92,0 | 97.4 | 98.7 | 100,
¥eS.L. 0.0 | #1,0 3.0 | #50,0 | 88,5 [%93.,0 | 98,5 | 98.9 | 100,
M,L.¥W. 0.0 0.3} =L.0 8.k | #50.0 | B6.9 [#93.0 1 97.3 | 99.0 100,
6t 0.0 1 2.3 L § 12,3 31.5 | 68.6 | 82,5 | 90.7 |100.0 | 100.
12t 0.0 1.8 3.2 6.6 § 16,9 | 42,9 | 81.h | 90.4 { SL.0 [100.0 | 100,
i 0.0 1.2 | 2,7 3.5 ] 6.6 18.9 1 60.8 | 77.Lh ] 8h.6 | 99.3 | 100,
2! 0.0 0.y 1.7 2.3 3.2 5.6 13.9 | hoJh| 67.1 | 76,1 | 99.1 1900.
307 0,0 1.0 1.7 3.2 6. 1.7 | 29.8] h2.9] 51,2 | 95.8 100,
Total 0.0 | 0.k ToB | 12,5 [ 31,1 | BLaB | 308.9 [02547 | T21.3 |182.8 [890.L -
Average 0,0 0.4 0.9 1.k 3.5 Te2 .3 | 69.5] B0.L | B7.0 98.9 100.
Profile #0 ;
Berm 0.0 S.h [ 1547 23,k 3h.2 | #7.0] Sh.b 3,0165.2 | #68.0 | 72,1 | #78.0 { 83.5 | #9L.0 | 97.5 | #98,0 | 98.3 | 98.5 100,
Mo H,We 0.0 2k | 3.6 51.B] 60,3 | #¥73.0) T6.6] #83,0{B6,5 | #91,0 | 93,6 | #96,0 | 96,7 | #98,0 | 98,8 | 98,8 | 98,9 | 99.0 100,
LW, 0.0 { 11.3135.0 [ Lk3.8] 50.7 | #56.0] 58,1 [ #59.0]59.5 | #59.6 | 59.8 | #60.2 | 60.6 | #75.0 | 85.9 | #91.0 | 97.2 | 98,3 | 1oc0.
&) . 0,0] 1.8] L.6| 5.5 8.5 | 10.3 1 12,6 | 18.1 | 33.3 | 70.3| 81.h ] 86,9 98.6 | 100,
121 0.0 O.hf 0.8 1.9 2,61 3,7 | 6.t | 1646 | She?| TOM | 7771 99.6 | 100,
18t 0.0 #0.3{ 0.5] 1.0| 1.5 2.5 3.2| he2| 5.4 8.8 | 25.6| 42.9 | 52,01 98.8 | 100,
301 0.0 .0 )
Total 0.0 0.0 TIeLl | B5e3 | 11540 ] 1h6e2 | 176,3|191.01 2140|2190} 2315 |2hLe0 | 250e7 | 2101t | 32247 | 532,80 | GB2.5 [511.0 | 59248 | =
(-] .
M.5.L, 0,0 | 26.6 § bL2.h{hb.9 52.0] Sh.l | #60,5] 62,4 %56, Teb | #68,0 | 68,6 | #72,0] The0 | #91.0 | 5.1 #97.5 | 98.2] 99.h 100,
M L., 0,0 701 21,7 | #38.0] L7.7] #57.00 58,3} #66,0 | 70.0{ #76.01 BL,9| #92,0 | 96.3] #97.5 | 98,3 98.7 100,
6t 0,01 9.1 | #11,0| 11,6 | #13.0] 13.7} h.31#15.3F 15.6 | 16.9! 18.4| 20,k | 2841| SB.5| 7221 79.k1 9.4 | 100,
12t ) 0.0 0,81 1.6 2.4 3.5 B3| 10,6 16,91 22,71 93.0 100,
18 st W :
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30 s2:4:8,W o
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AVB!‘% 3.0 607 10-6 1305 1705 21. 9 27.5] 31,0 3)405 35-3 37'6 39.3 h202 1!5-0 51101 6501 71. 0 7140 7 o6 100,
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APYENDIX B

PREVATLING WINDS AND STORMS

1. Prevalling Winds. - United States Weather Bureau wind records
for Boston, Massachusetts, the nearest weather station, located approxi-
mately 30 miles southeast of the study ares shown that prevailing winds
approach the study srea from westerly directionms. A wind disgram based
on hourly observations of wind speeds and directions for the ten year
period from October 1949 through September 1959, inclusive, is shown
on Plate No. 1. It indicates a high preponderance of westerly winds
with the greatest . durstion from the socuthwest direction and lifile
difference in duration between the northeast and southeast quadrants.
The study area faces open water from. the east through the aoutheast.

Of these directions winds of the greatest duration are from the south-
east. Winds from the southeast quadrant, although relatively infrequent,
approach over an unlimited fetch of open sed and they can therefore
generate large waves which directly approach the shoreline of the study
ares.

2. Storm Winds. - A summary of the number of storms compiled from
records of the United States Weather Bureau st Bogton, Msssachusetts
covering the T5-year period 1870-1945, inclusive, is given in the
following teble:

Storms (1870-1945, inclusive)

Direction N|NE|E |SE|S |SW| W | BW {Total
No. of storus 3 80| o 1|12 1513 [+ | 260
Percent of total 2is0j6 | 9t7| 9ls | 9 | 100

The above storms represent major distrubances accompanied by high
wind speeds of long duration. Classification of djrection of each
storm was made in accordance with the predominant direction of wind.
Variations in direction during storms are not accounted for.

3. A tabulation showing the duration of winds, their direction
and speeds compiled from United States Weather Buresu records &t
Boston for the period October 1949 to Septemher 1959 is included in
Taable B"l-

B-1
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WIND SPEEDS AND DIRECTIONS (OCTOBER 149 - SEPTEMBER 1959 INCLUSIVE)

BOSION, MASSACHUSEITS
NUMEER OF HOURS

Wind , Average] wind | F Duration
Speco ‘ h7 & % Total Speed | Movement | £ Total per
(.P.)} 0-3} 4-7 | 812 | 13-18 | 19-0h | 25-31 | 32-38 | 39-k6| Over | Total | Duration | M.P.H.| Miles | Movementi Degree .
Direction . ;
TN ) lah | 703 | 1,681 | 1,3Lhk{ 380 125 [ 15 3 - 4,375 5.0 12.2 | 53,481 | k.6 C.22
i NNB 92 1 438 985 832 | 382 166 31 g 1 2,932 3.3 13.4 { 39,356 3.4 C.15
NE 117 | 553 | 1,068 1 1,056 | 533 235 87 32 1L 3,692 L.2 .Yy § 53,268 heb 0,19
EMg | 120 | 51z 908 | 1,027 | L59 219 55 16 L 3,320 3,8 1h.1 | 16,825 1.0 0.17
: B 137 | 537 { 1,376} 1,321 383 140 50 22 2 3,968 L.5 13.0 | 51,756 1.5 0.20
i ESE 136 | 631§ 1,606 1,396 | 268 68 1 - L 14,133 L,7 11.6 | 18,134 L2 0.21
: SE 12k 636 1,370 97h 135 25 - - 1 3,266 3.7 11,0 35,797 3.1 .16
SSE 98 | 618 | 1,150 508 93 27 3 2 1 2,500 2.9 10.3 | 25,646 2.2 0,13
s 128 912 1,591 958 I 251 62 13 3 - 3,918 1.5 11.0 § 42,967 § 3.7 0.20
SOW 122 | 905 | 2,08%L | 1,911 | 691 217 U8 16 3 5, 99N 6.8 13.1 | 78,55L 6.8 0.30
i o 118 | 1,061 14,098 | 14,357 11,188 278 | 38 4 - 11,139 | 12.7 13.2 (147,485 - | 12.8 0.56
o WSW 9 | 686 1 2,059 | 2,329 | 557 103 17 1 - 6,018 6.9 12.7 | 76,981 6.7 0.31
. 89 | 695 | 2,162| 2,361 { 891 t 274 69 é - 8,547 75 14.0 | 91,169 749 0.33
W 93 | 929 | 3,007 | 3,L06 {1,L91 56l 7L 11 - 9,582 10.9 1.5 {138,485 |12.0 0.8
™ 102 | 845 | 2,587 | 3,479 |1,558 635 109 7 L 9,326 10.7 15.0 {140,066 | 12.1 0.48
NNW oL t 633 | 2,011 | 2,418 | 902 1203 23 L - 6,286 742 ©13.7 | 86,274 7.4 0.32 -
Totals [1,790 [11,29%| 29,960 |29,677 [10;162 {3,342 | 640 | 132 31 . 187,632 | 100.0 13,0- |1,156,547 | 160.0°




APTENDIX C

ZADES,

1. General. - Tides in the study area are semi-diurnal. Mean
ranges &t Rockport Harbor and Ten Pound Island, Gloucester Harbor are
8.6 and 8.7 feet respectively and corresponding spming ranges are 10.0
and 10.1 feet.

2. Tidal Observations. - Tidal observations by the United States
Coast and Geodetic Survey were analyzed for a 30-1/3 year period at
Boston Harbor from August 1921 to March 1952 and at Gloucester Harbor
for the period July 20 to October 26, 1928.

3. High Tides. - A comparison was made between the 188 high tides
at Gloucester Harbor and the corregponding high %ides at Bostor Harbor
to determine whether variations from the wean range were comperable.
There was no difference tetween the variations for 93 high tides, &
difference of 0.1l of a foot for 75 tides, 0.2 for 15 tides, 0.3 for 3
tides, 0.4 for 1 tide and 0.8 for 1 tide. »The close agreement between
the variations in tidel heights from the planes of wean high water at
each location indicates that variations from the mean in the study
area are similar to thoge which occur in Boston Bearbor. The totsl
and average annual number of occurrences of high tides which exceeded
the gean height by 2.0 feet or more at Boston Hearbor based on the
30-1/3 year record are given in Table C-1 in inerements of one-tenth
foot.

>



TABLE C-1

TIDES EXCEEDING MEAN HEIGHT AT BOSTON HARBOR, MASS.

Average Number

Number of of Occurrences
Feet Above MHW Occurrences¥ Per Year¥®
4.3 1 0.03
4.2 2 - 0.06
k.1 2 0.06
4.0 2 T.0.06
3.9 2 0.06
3.8 2 0.06
3.7 3 0.1
3.6 h 0.1
3.5 5 0.2
3.4 7 0.2
3.3 1k 0.5
3.2 . 21 0.7
3.1 32 1.1
3.0 Ly 1.5
2.9 67 L 2.2
2.8 83 2.7
2.7 110 3.6
2.6 144 4.8
2.5 205 6.8
2.k 277 © 9.1
2.3 358 11.8
2.2 463 15.3
2.1 560 18.5
2.0 Th1 2h.5

¥Bqualing for exceeding the stated elevation.




APPENDIX D

DESIGN ANALYSIS

l. General. - A stone training Jetty was designed for the tidal
creek at the east end of Long Beach based on the maximum wave height
expected to occur at the site uding a tide elevation which occurs on
an gversasge once g year The design wave height was computed using the
golitary wave formula @/H = 1.28 where d is the depth of water at break-
ing and H is the wave height. Sizes and slopes of armor stone were
computed using the United States Army Waterways Experiment Station
formula.

Wr = Y¥r HS
K, (8r-1)3 cotod

where Wr is the weight of armor stone

U r is the specific weight of armor stone in pound.s
per cubic foot

Ka 18 a dimensionless experimental coefficient

H is the design wave height :

Sr is the specific gravity of the asrmor unit relative
to the water in which the structure is located equal
to 8r/ ¥w where ¥w is the specific weight of the water
in pounds per cubic foot

X is the sngle of the breakwater slope

2. Design Wave. - The design tide is 11.8 feet. The ground or
bottom elevation at the outer end of the Jetty is 3.0 feet above mean
low water. Assuming that waves break at the end of the structure s The
design depth of breeking d is 11.8 - 3.0 or 8.8 feet and from 4/H = 1.28,
H=8.8 =6.9 feet. From the Waterways Experiment Station and solitary

wavelf'%rmulas , assuming & stone size of one (1) ton, the wave height H
was computed as 5.6 feet, the depth at breaking as 7.2 feet and the
height of the bottom as ﬁ,6 feet above mean low water. This height
exists TO feét shoreward of the outer end of the jetty. For design
purposes & wave height of 6.9 feet was used for determining armor -
gtone sgizes and slopes for the outer 1Q0 feet of the Jetty and =
minfmum size armor stone of one ton with side slopes of 1 on 1.5 was
used for the rest of the structure.

3. BStone Sizes. -~ The size of armor stones from the WES formula
was computed using:



Ur =165
Ww = 64.0
= 6.9 feet for the outer 100 feet of Jetty
KA = 265
8r = %Ez = 2.58
cotoC= 1.5

from which Wr = 3830 1bs. or 1.92 tons. Based on an assumption that
stones are cubical in shape, the stones would measure 2.83 feet on &
gide: Use of a top width of two armor stone diameters therefore
requires & minimum top width of jetty of 5.66 feet. Use of a 6-foot
top width along the outer 100 feet of Jetty would therefore be satis-
factory. Along the remainder of the Jjetty where a minimum size armor
stone of one ton ig specified, a top width of 5 feet would be satis-
factory. Size of core stone to make a sand-tight structure was based
on use of stone 1/10th of the weight of the armor stone. Use of
successive reductions of stone sizes in layers is impractical with-
out incressing the size of the jJetty. A core for the outer 100 feet
consisting of quarry run stone of assorted sizes up to 400 pounds
with not less than 50 percent between 350 and 400 pounds is considered
to be & satlsfactory compromise. Similarly a core for the rest of the
jetty of quarry run stone of ssgsorted sizes up to 200 pounds with not
legs than 50 percent between 150 and 200 pounds 13 considered satis-
factory.



APPENDIX E

BEACH FROSION CONTROL REPORT ON COOPERATIVE STUDI OoF
: ~ -ROCKPORT, MASSACHUSETTS

INFORMATTON CALLED FOR BY SENATE RESOLUTTON 148
8578 CONGRESS, ADOPTED 28 JANGARY 1958

1. Beach Erosion Problems. - The study covers the shore of .
‘Rockport, Massachusetts, including Long, Cape Hedge and Pebbly Beaches,
on the south side of Cape Ann between Brier Neck and Lands End. The
problem consigts of erogion of the beaches, particularly during storms,
demeges to the existing protective structures and development, over-
topping of beaches by wave runup with consequent deposition of beach
mgterial and debris on backshore areas and the meandering of a tidal.. .
creek across Long Beach. The shore is directly exposed to wave action
from the southeast quadrant across the Atlantic Ocean. The mean range
of tide is 8.6 feet and the spring range is 10.0 feet. The highest
tide experienced at Gloucester Harbor is k.3 feet above mean high water.

2. Improvements Considered. - Plans Of protection and improvement
- were developed as follows:

a. Long Beach. - Widening 3,300 feet of beach by the direct
placement of sand f£ill and construction of a 400-foot training Jjetty
at the east end of the £ill at the tidal creek at Cape Hedge.

b. Pebbly Beach. - Construction of a barrier to reduce
overtopping and landward movement of beach wmaterial.

3. Conclusions and Recommendations. - The existing seawall and
revetment at Iong Beach are adequate for protection of the development.
Construction of a barrier to prevent or reduce landward movement of
beach material at Cape Hedge Beach is not warranted dvue to the
magnitude of the structure needed and the limited use and lack of
development in the areas. Improvement and protection of Long Beach
is not Jjustified by evaluated benefits. Benefits from the proposed
~mound, which could not be evaluated, would be of & local nature and

mincr value. It was therefore recommended that no project be ddopted
by the United States for any of the beaches studied. It was further
recommended that protective measures which mgy be undertaken by local
interests based upon their determination of economic justification be
accomplished in accordance with plans and methods considered in this
report. The estimated costs and benafits, based on August 1961 price
levels, a 50-year eccnomic life and a 3.5 percent interest rate for
investments which are all ncn-Federal are listed belows




Long Beach (Sand Fill ahd Jetty)

Bstimated First Cost $18%,000
-Bstimated Annuel -Cherges 21,800
. Estimated Annual Benefits . 3 ,000
Bepefit-Cost Ratio 0.1k

Pebbly Beax:h (Stone Momd.)

Estima.ted First Cost Per

Linear Foot. $  21.00

4.. Discussion. - Analysis on.the basis of an economic life-
of 100 years would not result in modification of the findings in
the- >port. The ‘bepefit-cost ratio for the Long Beach project
would ‘incyease from 0.14% to 0.15. .The benefits from the Pebbly
‘Beach pro;ject would st11l be comparatively minor.



APPENDIX F
COMMENTS OF THE U, S, FISH AND WILDLIFE SERVICE

' NORTHEAST REGION
UNITED STATES '

{ REG1ION. 8)
DEPARTMENT OF THE INTERIOR MAINE
FISH AND WILDLIFE SERVICE - NEW HAMPSHIRE
BUREAU OF SPORT FISHER!ES AND WILDLIFE NEW YORK
59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANIA
: MASSACHUSETTS

NEW JERSEY
RHODE ISL.AND
DELAWARE
CONNECTICUT
WEST VIRGINIA

September 27, 1961

Division Englneer

New England Division

U. S. Corps of Engineers
424 Trapelo Road

Weltham 54, Massachusetts

Dear Sir:

Reference 1s made to your letter of August 8, 196l transmitting to

this office plans presently being considered by your office for the
protection and improvement of Long Bemch and Pebbly Beach, Rockport,

Cape Ann, Massachusetts, and in vwhich you request comments from this
offlce on the effects of the proposed improvemernts on the fish and
wildlife resources. This letter comstitutes our conservation and
development report. It was prepared in cooperation with the Massachusetis
Division of Fisheries and Game and has the concurrencze of that agency.

It is understocd that as a result of a beach.erosion control study belng
made of the south shore of Cepe Ann, Massachuseits, plans for the pro~
tection and improvement are being consldered for 2 beaches as followa:

1. Long Beach, Rockport: Widening 3,300 feet of beach by the
direct placement of sand f£ill and construction of a 40C-foot training
Jetty at the east end of the fill at the tidal creek at Cape Hedge.

2. Pebbly Beach, Rockport: Construction along the seaward edge
of the shore rcad of a gtone mound or other barrier +o landward move-
ment of beach material.

Fal



It is further understood that sand fill for the beach widening may be
obtained from inland borrow pits. There is a possibility that £ill

could be cbtalned from the marsh area bordering the tidal creek behind

Long Beach. During further contect with youxr offlce by phone regard-

ing the borrow areas it was learned that probings in the marsh to date

had not given sufficient informstion on the suitability of the sub-

surface material for beach-fill use and, also, that if £i1l were

obtalned from behind the beach » the borrowihg would likely be close to and
in the existing creek bed. This would result In widening and deepening the
existing creek bed. o

It has been determined that the plan of protection and improvement as
presently envisioned for Long and Pebbly Beaches would have no detrimental
effects on the fish and wildlife resources. No commercial fishery aspects
are involved. :

Should borrow materlal be taken from the creek behind Long Beach and the
operation be extended seaward parallel to.the planned training Jetty,
gsome fishery benefits would be realized. Further benefits would be
realized if the tralning Jetty were capped to provide easy access for
land-based fishermen wishing to fish the mouth of the deepened creek.

It should be noted that a town parking area exists at the end of Seaview
Street behind Cape Hedge Beach. This might provide an opportunity to
utilize profitably unsultable borrow materisl for extending the town
parking area. This feature would require further negotiations with local
interests and would be accomplished by representa.tives of the Massachusetts
Divisien of Fisheries and Game.

No further report by this agency is considered necessary.

Thank you for giving us the cpportunity to report on this project.

Sincerely yours,

Fw?
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